Abstract -This paper presents an initial investigation for breast cancer detection using a special mode of bistatic radar system known as Forward Scattering Radar (FSR). The proposed method analyzes the Doppler frequency in the received signal scattered from the tumor for cancer detection and localization. Three systems of architectures were analyzed which determined by the mechanical movement of transmitter or receiver or both. This paper also discusses an initial simulated result by using CST Microwave Studio as a feasibility study of utilizing FSR for breast cancer detection. It is shown that by investigating the unique character of Radar Cross Section (RCS) for breast tissue and tumor of FSR a cancer can be predicted. Electromagnetic model including fatty tissue and a tumor were simulated to obtain RCS parameter and analyzed as well as compared with whose fatty tissue without cancerous lesion to pinpoint the presence of tumor from its FSR signature. The result shows a significant different between these two models in FS RCS.
Introduction
Cancer is a disease in which a group of cells display uncontrolled growth (division beyond the normal limits), invasion (intrusion on and destruction of adjacent tissues), and sometimes metastasis (spread to other locations in the body via lymph or blood). If the tumor is developed in breast its so-called breast cancer. Aside from non-melanoma skin cancer, breast cancer is the most common form of cancer in women. Breast cancer is one of the main cause of cancer death for women. It is the second most common cause of cancer death in white, black, Asian/Pacific Islander, and American Indian/Alaska Native women [1] . The earlier detection of the disease is very important to prevent a fatal condition of the sufferer. Example of present method for breast cancer detection is X-ray mammography of a compressed breast, although it is an invasive and ionizing technique. An alternative technique for breast cancer detection which is more attractive due to some features such as less expensive, non-ionizing and non safety treacherous modality detection is Active Microwave Imaging (AMI). AMI is divided into two methods: Microwave tomography imaging and Ultra Wide Band (UWB) Radar based approach. Both methods exploit the high contrast between the permittivity and conductivity of malignant and healthy breast tissue for detection. In microwave tomography, the reconstruction of dielectric properties distribution an inverse scattering problem should solve which is nonlinear and difficult to solve. Also sensitivity and resolution of this system is poor. Unlike in UWB The concept of Radar base target characterization has been affiliated with Ultra Wide Band microwave Radar detection system to achieve an image of tumors. Tumor can be detected by focusing backscattered signals and measuring the propagation of wave through the tissues [2] . However, to the best of our knowledge, the feasibility of employing FSR to detect the breast tumor have not been explored. It is expected that, by using FSR technique, tumor can be detected much earlier due to high resolution characteristic of FSR and also non invasive by its nature [2] .
Forward Scattering Radar Principles
The impact of employing forward and backscatter was determined by changing the receiver position around the breast tissue. The forward scattering architecture visualizes waves traveling through the breast tissue and then received at the antenna. FSR introduces a number of attractive features such as relatively simple hardware, an enhanced target Radar Cross Section (RCS) compared to traditional radar and long coherent intervals of receiving signal to get high resolution [2] . One of main key factor that can be used for tumor detection in FSR is the RCS which is derived from the fundamental equation as shown in (1) 
Where E inc and E rc are the electric field intensity of incident wave and receiver side respectively; R is the target range from receiver. In the special case for FSR this equation is converted to (2) 
Where E SH is electric field intensity of the shadow field. At the position where the tumor, transmitter and receiver fall within a single straight line, the Babinet principle can be used to replicate the object RCS which is due to its shadow. This shadow will increase the RCS and given in (3):
Where A is target shadow silhouette area projection on the transmitter-target line and λ is wavelength of transmitter.
FSR Received Signal
At the receiving antenna the total received signal is the combination of the source signal (direct signal from transmitter) and the Doppler signal scattered by tumor. At the initial stage, a continuous wave signal with frequency of 3GHz is used as the source signal for transmission.
Where, A is the amplitude of the signal and f c s the frequency of the source signal. By the movement of the transmitter antenna and/or the receiver antenna Doppler Effect will exist. Two types of Doppler frequency will be analyzed in this paper; those are direct Doppler frequency and scattered Doppler frequency. The direct Doppler frequency is the Doppler frequency resulted by the distance changing between transmitter and the receiver antenna. The scattered Doppler frequency is the Doppler frequency resulted by the distance changing between the transmitter, the receiver and the tumor. The received signal at the receiver will have both Doppler frequencies, having formula as the following:
Where, the direct Doppler frequency and the scattered Doppler frequency is given by (6) and (7) respectively:
Where Rt is the distance between transmitter antenna and the tumor, Rr is the distance between receiver and the tumor and dt is the time change (delta time) used in the simulation.
In which, tx x is transmitter x position, tx y is transmitter y position, rx x is receiver x position, rx y is receiver y position, tmx r is tumor x position, tmr y is tumor y position and tmr r is the radius of the tumor. The received signal will have the combined frequency from the source signal frequency, the direct Doppler frequency (fd direct) and the scattered Doppler frequency (fd scattered). The received signal at the receiver will be compared with the source signal using a frequency mixer, to filter out the carrier signal. Thus, after the mixer, the received signal will only have the Doppler frequency, that is the combination of fd direct and fd scattered. The received signal at this stage will be referred to as the Doppler signal V d , having the following formula.
Forward Scattering Radar Architecture
A system consisting of signal generator, object scanning part, receiving circuit and the signal processing part is going to be proposed for the real experimentation. Signal generator will feed the transmitter antenna with the desired source signal. While, inside the object scanning part there will be transmitter and receiver antenna arranged so that both antennas will move surrounding the target object. Receiving circuit will be used to filter the unused high frequency and to extract the Doppler frequency as received by the receiver antenna, for then to be fed to the computer for further signal processing after passing an Analogue to Digital Converter. Figure 1 illustrates the overall experiment design. Three architectures will be proposed as the experimental setups. Each architecture will perform different mechanism of transmitter-receiver movement. Simulation of the detection will be done with these three architectures to find the most feasible architecture for the hardware setup. Better setup can reduce the existing of unused Doppler signal and magnify the Doppler at the position of the tumor. Figure 2 illustrates the first architecture of the scanning system. In the architecture, the transmitter is moving along 90 o to 270 o (on the ordinary quadrant plane) while the receiver is standing still. In this case, the receiver is placed in 0 o of the plane. In this architecture the longest distance between the transmitter and the receiver is achieved when the movement angle of the transmitter is 180 o . The maximum distance between the transmitter and the receiver is just as long as the diameter of the breast phantom, that is 0.4 m. For which without tumor, the received Doppler signal is shown in figure 3 . The Doppler frequency change is the combination between the direct Doppler Frequency (by the antennas) and the scattered Doppler Frequency (by the tumor). In the first architecture, the receiver is not moving, so the direct Doppler frequency is affected only by the movement of the transmitter. While, the Doppler signal with tumor is shown by figure 4. 
First Architecture

Second Architecture
In the second architecture, the transmitter is moving along same angle as the first architecture that is from 90 o to 270 o , but the receiver is also moving, in an opposite direction. In this architecture the receiver is set to move from 270 o to 90 o as shown in figure 5 . In this architecture, the transmitter and the receiver are moving inversely each other, so there is no distance change between the transmitter and the receiver. Referring to the formula of direct Doppler frequency (6), the Doppler frequency caused by both antenna movements is equal to zero. The total Doppler frequency in the second architecture is only affected purely by the scattered Doppler frequency, because the direct Doppler frequency is always zero. An absolutely different Doppler signal of with and without tumor can be seen in this architecture setup. When there is no tumor, the scattered Doppler frequency is zero. The Doppler signal with tumor is shown in figure 6. Figure 7 shows the last architecture used in this simulation; that is the third architecture. In the third architecture, the transmitter is moving on the same way as the previous architecture, while the receiver is moving along 90 o to -90 o . In this architecture, the transmitter and the receiver are moving in the same direction and same angle at the same time. This kind of movement will be a little bit complex, because the distance change between the transmitter and the receiver is more drastic compared to the other architecture. In the other hand, the scattered Doppler frequency resulted between the transmitter and the receiver is reinforcing each other. There is no significant change between without and with tumor Doppler signal. This is because the direct Doppler frequency by the antenna is even greater than the scattered Doppler by the tumor. The Doppler signal for without and with tumor are shown in figure 8 and 9 respectively. 
Third Architecture
FSR Radar Cross Section
To investigate the presence of FSR signature of tumor in and also to determine the variation of this signature for cancerous and noncancerous lesion the simulation has been done. According to microwave attenuation in normal breast tissue is less than 4dB /cm up to 10GHz. This may permit the microwave system to detect tumors located up to about 5cm beneath the skin [4] . We utilize these data to reach the electromagnetic model of tumor and besides its RCS at 3GHz which parameters of system defined in the frequency used 3GHz. Assuming both transmitter (source) and receiver is fix. A Finite Integration Technique (FIT) model including no skin layer breast phantom consisting a spherical tumor and fatty healthy tissue is modeled in CST microwave studio EM simulation software. The modeled phantom is locating in the region where Babinet principle work in this field (d>2D 2 /λ). We try to using the FSRCS information to detect the presence and in further scope the location of tumor. The expected result is the scattered signal from tumor should be different from normal tissue as result of variation of their dielectric properties. In the simulation a plane wave used as an incident wave illuminating the breast phantom which is its propagation vector is [0,0,1] and the FSR is given in φ=0 and θ=0. Table 1 shows a summary of dielectric properties of breast tissues at 3 GHz. 
Result and Discussion
Figure 10 and 11 illustrate the normal fatty tissue and tumor fatty tissue RCS simulation in all direction including FSRCS when they are in a same size i.e. 4mm radius sphere. As expected the tumor FSCS is greater. The FSRCS calculation of same size cancerous and non cancerous tissues is done , to verify the same trend. Table 2 demonstrates the difference between FS Radar Cross Section of normal fatty tissue and malignant tissue in same size and proved this fact which "the large dielectric contrast cause malignant tumors to have significantly greater microwave scattering cross section than normal fatty tissue of comparable geometry which found in. The same architecture which is introduced for simulation of RCS parameter. In this case the forward scattering is given by φ=0 and θ= -90. RCS estimation of breast tissue including tumor and without tumor are given in Table 3 . The receiver position is in the baseline region thereby the FSR can be achievable. As statistics of table and figure 12 show when tumor emerges a significant difference between Forward Scattering Cross Section of that phantom and that one without tumor can be observed. It can be a key for which can apply to detect the significant scattering regions, such as malignant tumors by utilizing Forward Scattering radar. 
Conclusion and Future Scope
This paper presented three different FSR architectures for breast cancer detection system. The direct Doppler frequency resulted from the first and the third architecture has complex change that can affect the total Doppler frequency to the original scattered Doppler frequency. While the second architecture, the direct Doppler frequency change is equal to zero. Hence, the scattered Doppler frequency can be easily extracted from the received signal than the other architectures. Moreover, the information of Forward Scattering RCS can be used to detect breast tumor by distinguishing between the scattered signal from normal breast fat and the cancerous tissue. Indisputably in real phantom, the effect of skin should be considered which this effect might be omitted by an advanced pre signal processing. Moreover RCS data is related to the size and consequently to the shape of the tumor. Also RCS plays an important role in the power received equation. 
